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THE COMPLETE {a.g.y) PERSONNEL MONITOR 

by 

Richard W. Fergus 

ABSTRACT 

A personnel hand and shoe monitor, PERCI (PERsonnel Contamina­
tion Instrumentation), has been developed to provide simultaneous detection 
of alpha, beta, and/or gamma contamination. Automatic operation provides 
uniform survey sensitivity that is independent of the user . Logic circuitry 
prevents incomplete surveys and causes "go" or "no-go" instructions tobe 
flashed on an illuminated display panel. 

Alpha, beta, and/or gamma events for each channel are detected 
with a la rge-area , gas-flow detector and pulse-separation circuitry. A 
unique background compensation feature implennents statistical computation 
for each survey by comparing the actual number of events during the survey 
cycle with a number predicted from the background events preceding the 
cycle. Reliable operation with stable calibration is assured with solid-state 
circuitry and appropriate feedback. 

Consistent performance with infrequent false alarms character izes 
the operation of this monitor. Sensitivity has been demonstrated on many 
occasions when the monitor has detected contamination on the user that 
could not be located with conventional survey instruments . 

INTRODUCTION 

Many types of personnel monitors have been built in the past for 
various applications. A survey of the field installation at this Laboratory 
revealed that a monitor should have the following character is t ics : (l) It 
must be easy to operate and provide simple instructions. (2) It must make 
quick, thorough, and dependable surveys. (3) It must be usable in high-
background situations. (4) It should also be economical to fabricate, easy 
to maintain, and semiportable, and should have a pleasing appearance. 

A personnel hand and shoe monitor, PERCI (PERsonnel C_ontamination 
Instrumentation), shown in Fig. 1, has been developed with character is t ics 
of the "ideal" monitor. Not only reliable performance but also mechanical, 
economical, and aesthetic factors were considerations in the overall design. 
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Fig. 1. Photograph of PERCI 

THEORY OF O P E R A T I O N 

The m o n i t o r e l e c t r o n i c s c o n s i s t s of 
four d e t e c t o r s wi th a s s o c i a t e d c i r c u i t r y , d i s ­
p lay log ic , and c o m m o n p o w e r s u p p l i e s . E a c h 
m o n i t o r i n g channe l (one for e a c h e x t r e m i t y ) i s 
enab led independen t ly du r ing the s u r v e y cyc l e 
by s w i t c h e s m o u n t e d on the d e t e c t o r s . L a r g e -
a r e a , gas - f low d e t e c t o r s wi th p u l s e - a m p l i t u d e -
s e p a r a t o r p r e a m p l i f i e r s p r o v i d e two output 
c i r c u i t s , one r e p r e s e n t i n g a l p h a - o n l y even t s 
and the s econd r e p r e s e n t i n g a l l e v e n t s . No 
a t t e m p t has b e e n m a d e to i n d i c a t e the type or 
quan t i ty of c o n t a m i n a t i o n tha t i s d e t e c t e d . An 
a l a r m s i g n a l i s g e n e r a t e d if the a l p h a - o n l y 
p u l s e s counted du r ing the s u r v e y cyc le e x c e e d 
a p r e s e t quan t i ty . The o t h e r p r e a m p l i f i e r out ­
put , con ta in ing p u l s e s r e p r e s e n t i n g a l l e v e n t s , 
i s ana lyzed wi th a b a c k g r o u n d - c o m p e n s a t i o n 
t e c h n i q u e . Th i s t e chn ique invo lves p r e d i c t i n g 
the n u m b e r of even t s tha t should occu r du r ing 
the s u r v e y cyc le f r o m a c o u n t - r a t e m e a s u r e ­
m e n t of b a c k g r o u n d even t s o c c u r r i n g b e f o r e the 
s t a r t of t he c y c l e . A fixed quan t i ty , r e p r e s e n t ­
ing the m a x i m u m e x p e c t e d s t a t i s t i c a l v a r i a t i o n , 
i s added to th i s p r e d i c t e d a m o u n t . If the a c t u a l 
n u m b e r of even t s du r ing the cyc le e x c e e d s th i s 
s u m , an a l a r m s i g n a l i s g e n e r a t e d . 

The funct ional d i a g r a m (F ig . 2) shows how the ind iv idua l channe l s 
a r e a s s e m b l e d wi th logic c i r c u i t r y to p r o v i d e a s i m p l e m a s t e r d i s p l a y of 
the s u r v e y c y c l e . The logic funct ions a r e i m p l e m e n t e d wi th a combina t i on 
of t r a n s i s t o r and r e l a y c i r c u i t r y in the L a m p Logic Module . A d e s c r i p t i o n 
of t he d i s p l a y fo l lows: The READY i n d i c a t o r wi l l be ex t ingu i shed when a l l 
d e t e c t o r s w i t c h e s have b e e n o p e r a t e d . The WAIT i n d i c a t o r wi l l then l ight 
un t i l a l l c h a n n e l s have t i m e d out. The HOT i n d i c a t i o n s wi l l be d i s p l a y e d 
i m m e d i a t e l y when suff ic ient coun t s have b e e n a c c u m u l a t e d to i n d i c a t e an 
a l a r m cond i t ion . If a d e t e c t o r swi t ch is r e l e a s e d p r e m a t u r e l y du r ing a 
s u r v e y c y c l e , the I N T E R R U P T i n d i c a t o r wi l l l ight and r e m a i n on un t i l a l l 
r e m a i n i n g c h a n n e l s t i m e out or a l l d e t e c t o r s w i t c h e s a r e r e l e a s e d . The 
OK i n d i c a t i o n wi l l be d i s p l a y e d a f t e r a l l channe l s f in i sh an u n i n t e r r u p t e d 
"no c o n t a m i n a t i o n d e t e c t o r " s u r v e y c y c l e . The OK or HOT ind ica t ion wi l l 
con t inue to b e d i s p l a y e d un t i l a l l d e t e c t o r s w i t c h e s a r e r e l e a s e d . If a 
HOT i n d i c a t i o n i s d i s p l a y e d , the READY ind ica t ion wi l l a l s o be d i s p l a y e d 
a f t e r a l l c h a n n e l s t i m e out. 
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Fig. 2. Monitor Functional Diagram 

CIRCUIT DESCRIPTION 

M o d u l a r a s s e m b l i e s , wh ich have been p r o v e n in o t h e r equ ipmen t , 
w e r e u s e d to supp ly the c i r c u i t r y for t h i s m o n i t o r . Mos t of the c i r c u i t r y 
i s of c o n v e n t i o n a l d e s i g n and does not r e q u i r e exp lana t ion . The p u l s e -
s e p a r a t o r p r e a m p l i f i e r , d i f f e r e n t i a l - r i s e a l a r m , and h i g h - l e v e l a l a r m wi l l 
be d e s c r i b e d in d e t a i l . A c o m p l e t e se t of m o n i t o r s c h e m a t i c s i s p r o v i d e d 
in the append ix . 

P u i s e - s e p a r a t o r P r e a m p l i f i e r 

The p u l s e - s e p a r a t o r p r e a m p l i f i e r c o n s i s t s of two c o m p l e m e n t a r y 
t r a n s i s t o r f e e d b a c k - a m p l i f i e r s t a g e s , a b i a s e d a m p l i f i e r , and two e m i t t e r -
fo l lower output s t a g e s . The f i r s t a m p l i f i e r s t a g e i s o p e r a t e d wi th a c u r r e n t -
s e n s i t i v e input , the s e c o n d as a f eedback vo l t age a m p l i f i e r . The output 
c i r c u i t r y (shown in F i g . 3) i l l u s t r a t e s the b i a s e d - a m p l i f i e r o r p u l s e -
s e p a r a t i o n c i r c u i t r y . Diode CRl pro-vides a b i a s e d - a m p l i f i e r funct ion. 
The b a c k b i a s on th i s diode (about 4 V) d e t e r m i n e s the t h r e s h o l d for the 
a m p l i f i e r . P u l s e s exceed ing th i s b i a s a r e p a s s e d by the f o r w a r d conduc t ion 
of the d iode to the e m i t t e r - f o l l o w e r output s t age ( t r a n s i s t o r Q6). The low 
conduc t ion r e s i s t a n c e of CRl a l s o shun t s r e s i s t o r R l l d u r i n g the l a r g e 
p u l s e s . S ince R l l is p a r t of the feedback n e t w o r k of the vo l t age a m p l i f i e r , 
the gain of t h i s a m p l i f i e r s t a g e is r e d u c e d du r ing l a r g e p u l s e s . 





ALPHA ONLY 

Fig. 3. Preamplifier Output Circuitry 

The o p e r a t i o n of the p r e a m p l i f i e r can be s u m m a r i z e d a s fol lows: 
Alpha , b e t a , and g a m m a even t s a r e ampl i f i ed and a p p e a r in the A L L output . 
The l a r g e r p u l s e s , r e p r e s e n t i n g a lpha e v e n t s , a p p e a r in the A L P H A ONLY 
output . The weak ( d e g r a d e d ) a lpha p u l s e s , wh ich a p p e a r only in t he A L L 
output , a r e a n a l y z e d by the b a c k g r o u n d - c o m p e n s a t i o n c i r c u i t r y . 

D i f f e r e n t i a l - r i s e A l a r m 

The d i f f e r e n t i a l r i s e a l a r m c i r c u i t i n c o r p o r a t e s a b a c k g r o u n d -
c o m p e n s a t i o n t e c h n i q u e which p r e d i c t s , f r o m a conven t iona l c o u n t - r a t e 
m e a s u r e m e n t , the n u m b e r of even t s tha t should o c c u r as a r e s u l t of b a c k ­
g round d u r i n g the s u r v e y c y c l e . The s u r v e y cyc le i s i n i t i a t ed by the p e r s o n 
o p e r a t i n g the d e t e c t o r s w i t c h e s . An a l lowance ( s ens i t i v i t y ) for s t a t i s t i c a l 
v a r i a t i o n s i s added to the p r e d i c t e d n u m b e r , and, if the a c t u a l n u m b e r 
e x c e e d s th i s s u m , an a l a r m s i g n a l i s g e n e r a t e d . A s impl i f i ed funct ional 
d i a g r a m (F ig . 4) i l l u s t r a t e s t h i s t e c h n i q u e . C o m p o n e n t s p e r f o r m i n g the 
swi t ch ing funct ions a r e r e f e r e n c e d to the c o m p l e t e s c h e m a t i c d i a g r a m 
(F ig . A.7 in the append ix ) . 

Fig. 4. Differential-rise Functional Diagram 





Between surveys, the charge-pump circuit (Al) generates a fixed 
quantity of charge for each input pulse. The equilibrium voltage on 
capacitor C3 (when the discharge current through res is tor Rl l equals the 
charge pumped by Al) is a function of the average background level. During 
the survey cycle, when the detector switch is operated, the cathode of 
diode CR2 is positively biased to a voltage corresponding to the average 
background level. At the beginning of the cycle, the anode is negatively 
biased to a level that corresponds to the expected statistical variation 
( S E N S adjustment). The total bias on CR2, which must be overcome to 
couple a pulse through to the tr igger circuit, is the sum of the sensitivity 
and the background levels. Each input pulse during the survey cycle 
increases the charge on C2 by a constant voltage increment. Therefore, the 
total bias on CR2 determines the number of pulses required to pass a pulse 
through CR2. 

A prese t electronic t imer (part of A2) has also been enabled during 
this cycle. If the t imer runs out before a pulse is passed by CR2, an OK 
output signal is generated. Conversely, if CR2 passes a pulse first, a HOT 
output signal is generated. Inhibit circuitry prevents simultaneous outputs. 

The circuit can be analyzed analytically as follows: 

Let, 

and 

Then 

t = survey time in seconds, 

Q = charge pumped by Al per input event, 

N = average background in events per second, 

V = equilibrium voltage on C3. 

V = QN(Rll) . (1) 

A balance condition is obtained when the input pulse rate is periodic 
(no stat ist ical e r ro r ) therefore; the voltage change on C2 during the cycle 
would equal the equilibrium voltage on C3, or 

C2 incremental voltage per event = Q / C 2 

and 

Y^^ = QNt/(C2). (2) 

Equating Eqs. 1 and 2 and simplifying, we obtain 

t = ( R 1 1 ) ( C 2 ) . 

After the circuit is initially adjusted for balance with the t imer ( R 9 ) control, 
only the SENS adjustment need be changed to obtain required sensitivity. 





A h i g h - l e v e l a l a r m h a s b e e n i n c o r p o r a t e d to p r o h i b i t fa l se i nd i ca t i ons 
f r o m an a b n o r m a l l y high b a c k g r o u n d l eve l . A d i s c r i m i n a t o r i s f o r m e d by 
C R l , R2, R3 , and C6, wh ich can a l s o d r i v e the a l a r m t r i g g e r c i r c u i t . T e r ­
m i n a l C of the c h a r g e p u m p (Al) i s at a nega t i ve p o t e n t i a l be tween e v e n t s . 
Dur ing the c h a r g e - p u m p o p e r a t i o n , t h i s t e r m i n a l i s c l a m p e d to the vo l t age 
at t e r m i n a l B . T h e r e f o r e , the p e a k p u l s e m a g n i t u d e at t e r m i n a l C is equa l 
to the vo l t age on C3 b e t w e e n s u r v e y s and the vo l t age on C2 dur ing the s u r v e y 
c y c l e . The d i s c r i m i n a t o r l eve l i s p r e s e t to p a s s a p u l s e to the a l a r m 
t r i g g e r if t h i s vo l t age e x c e e d s the m a g n i t u d e for l i n e a r c i r c u i t o p e r a t i o n . 

H i g h - l e v e l A l a r m 

The H i g h - l e v e l A l a r m is u s e d to g e n e r a t e the a l a r m s igna l if the 
n u m b e r of input p u l s e d u r i n g the s u r v e y cyc le e x c e e d s a p r e s e t n u m b e r . 
P u l s e s f r o m the A L P H A ONLY output of t he p r e a m p l i f i e r a r e coupled to 
the input of the c h a r g e p u m p (A l ) , as shown in F i g . 5. When the c i r c u i t i s 
enab led ( o p e r a t i o n of the d e t e c t o r swi tch) , CRl is b a c k - b i a s e d to r e m o v e 
the d i s c h a r g e p a t h for C2. E a c h input p u l s e then i n c r e a s e s the c h a r g e on C2 
by a c o n s t a n t vo l t age i n c r e m e n t . A d i s c r i m i n a t o r i s f o r m e d by CR2, R2, 
R3, and C 3 , as d e s c r i b e d in the d i s c u s s i o n of the D i f f e r e n t i a l - r i s e A l a r m 
above . When the vo l t age on C2 e x c e e d s the d i s c r i m i n a t o r l eve l , a pu l s e i s 
p a s s e d to the t r i g g e r and an a l a r m s igna l i s g e n e r a t e d . The d i s c r i m i n a t o r 
l eve l d e t e r m i n e s t he n u m b e r of p u l s e s r e q u i r e d to a l a r m . This n u m b e r 
is a p p r o x i m a t e l y equa l to t he r a t i o of the c a p a c i t a n c e of C2 to that of C l . 
The Al and A2 c i r c u i t s a r e the s a m e type as those u s e d f o r the D i f f e r en t i a l -
r i s e A l a r m . 

CHARGE PUMP 

:iYn 

- f o " 

X 

DETECTOR SWITCH 

ENABI^E 

Fig. 5. Simplified High-level Alarm Circuit 

HARDWARE CONSIDERATIONS 

S e v e r a l p r o p o s e d i n s t a l l a t i o n s d i c t a t ed tha t the m o n i t o r be s m a l l 
and s e m i p o r t a b l e . C o m m e r c i a l l y a v a i l a b l e c a b i n e t s w e r e not s u i t a b l e . As 
a r e s u l t , the cab ine t shown in F i g . 6 was d e s i g n e d . Welding and s h e e t -
m e t a l f a b r i c a t i o n m e t h o d s have been u s e d e x t e n s i v e l y . 

The p e d e s t a l c o n s i s t s of t h r e e m a j o r p i e c e s ; a v e r t i c a l m e m b e r 
(which can h o u s e a gas c y l i n d e r ) , a flat b o t t o m p l a t e , and a s h o e - d e t e c t o r 
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mount ing f l ange . Tef lon b e a r i n g b l o c k s a r e m o u n t e d on the f lange to suppor t 
the d e t e c t o r c a r r i e r and g r i l l s . The s h o e - d e t e c t o r m e c h a n i s m was des igned 

to al low the d e t e c t o r to d r o p to about 
45° f r o m h o r i z o n t a l when not in u s e 
so tha t d i r t could fall o r ro l l off the 
s e n s i t i v e a r e a of the d e t e c t o r . Th i s 
f e a t u r e i s not u s e d in the final v e r ­
s ion, a l though the a s s e m b l y a l lows 
e a s y a c c e s s to the d e t e c t o r s . The 
d e t e c t o r c a r r i e r s a r e c o n s t r u c t e d 
f r o m two p i e c e s of ang le welded to 
a tubing axle ( s a m e a s s e m b l y for 
bo th s h o e s ) . An angle f r a m e c o v e r e d 
wi th expanded m e t a l and welded to 
a tubing ax le f o r m s the s t e p - o n g r i l l 
a s s e m b l y . 

A c o m m e r c i a l cab ine t ( ava i l ­
ab le f r o m P l u g - I n I n s t r u m e n t 
Company) is moun ted on the top of 

the p e d e s t a l to h o u s e the e l e c t r o n i c m o d u l e s . End p l a t e s mounted to e a c h 
end of the cab ine t s u p p o r t the sh ie ld and hand d e t e c t o r s . An i n d i c a t o r p a n e l 
a s s e m b l y i s m o u n t e d b e t w e e n the end p l a t e s . The d i sp l ay p a n e l , cons i s t i ng 
of a s a n d w i c h of c l e a r p l a s t i c , i n s t r u c t i o n s t r a n s p a r e n c i e s , t r a n s p a r e n t 
c o l o r e d p a n e l s , and a t r a n s l u c e n t c l e a r p l a s t i c , i s moun ted on the front of 
the end p l a t e s . A top c o v e r c o m p l e t e s the a s s e m b l y of the cab ine t . 

T h e d e t e c t o r s a r e c o n s t r u c t e d f r o m a s t a n d a r d des ign tha t has b e e n 
in u s e at t h i s L a b o r a t o r y for m a n y y e a r s . The ac t ive a r e a of the hand 
d e t e c t o r i s 12 by 26 c m , and that of the shoe d e t e c t o r is 1 2 by 36 c m . E a c h 
d e t e c t o r h a s ten 0 . 0 2 5 4 - m m - d i a m c o l l e c t o r w i r e s and a 0 . 0 6 3 5 - m m M y l a r 
window. 

Fig. 6. Cabinet Layout 

CALIBRATION 

The fol lowing s t e p s have been found to be t he m o s t p r a c t i c a l , a l though 
p o s s i b l y not the m o s t a c c u r a t e , p r o c e d u r e for c a l i b r a t i o n of the m o n i t o r . 

Step 1: A d j u s t m e n t of the B a l a n c e (TIMER) of the D i f f e r e n t i a l - r i s e A l a r m 

The b a l a n c e of the D i f f e r e n t i a l - r i s e A l a r m can be ad jus ted e i t h e r in 
the m o n i t o r o r in a t e s t s e tup tha t can supply p r o p e r v o l t a g e s , i n d i c a t o r s , 
and a p u l s e - g e n e r a t o r s i g n a l . With the s e n s i t i v i t y ad jus t ed for m a x i m u m 
( z e r o vo l t age on a r m of SENS a d j u s t m e n t ) , a p e r i o d i c input p u l s e r a t e of 
500 to 1000 c p m is supp l i ed to the input t e r m i n a l s . After the c i r c u i t r y h a s 
r e a c h e d e q u i l i b r i u m (no change in r e a d i n g of m e t e r c o n n e c t e d to J l ) , the 
T I M E R c o n t r o l i s ad jus t ed f r o m m a x i m u m t o w a r d m i n i m u m cyc le t i m e 
un t i l OK i n d i c a t i o n s a r e ob ta ined . 
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step 2: Adjustment of the Preamplif ier Pulse-separat ion Level 

One Differential-rise Alarm module, which corresponds tothe channel 
to be adjusted, is removed from this monitor. Both Differential-rise Alarm 
modules should not be removed at the same time, as the L. V. Power Supply 
may be "underloaded." With the H. V. adjusted to about 1400 V, a beta or 
gamma source is placed on the detector of the channel to be adjusted. The 
preamplifier gain is adjusted for slightly less gain than required to obtain 
HOT indications. Both low- and high-energy beta-gamma sources should 
be used for this adjustment. If sufficient preamplifier gain cannot be obtained, 
the H. V. should be increased slightly; if one or more preamplifiers has 
excessive gain, the H. V. should be decreased. 

Step 3: Sensitivity Adjustment 

For maximum sensitivity for an individual installation, the setting 
of the sensitivity (SENS) control is reduced until an acceptable percentage 
of false a la rms is obtained. Sensitivity is related to the statistical variations 
of the background events, and therefore a part icular sensitivity will be 
related to a certain percentage of false a la rms . Where maximum sensitivity 
is not required, the SENS control can be preset . In one low-background 
location, experience has shown that the SENS control can be backed off 
18 turns (25 turns maximum) from maximum sensitivity. The circuitry has 
proven to be stable, and presetting the control provided similar sensitivity 
on all units. 

CONCLUSION^ 

Four monitors have been in ser-vice for several years with sa t i s ­
factory performance. At first, the "go/no-go" display was questioned. 
Many t imes, the monitors have detected contamination that could not be 
located with a portable instrument. Later, the same contamination would 
often be located on a sleeve or other areas of the user . These incidents 
have improved user confidence and acceptance of the monitor. 

At the time of installation, the monitors were adjusted for high 
sensitivity with a cycle time of 7 sec. This adjustment proved to be too 
sensitive for pract ical operation. The cycle duration was changed to 
about 4 sec. Present sensitivity is: 500 and 1000 dis /min alpha for hand 
and shoe, respectively, and about 0.1 mR/hr beta-gamma for both hand 
and shoe. 

The shoe detectors , which were originally designed to drop and 
allow dirt to roll off, have been fixed in the horizontal position. The 
detector surfaces a re cleaned with a soft brush or bat tery-operated 
vacuum cleaner once a day. The expanded metal (0.120 in. thick) has 
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held up well and could probably be thinner. The grill assembly was 
designed for easy replacement of the expanded metal if it became necessary. 

The modular electronics have also been used to modify commercial 
personnel monitors with equally good resul ts . These installations use 
GM tubes in lieu of the gas-flow detectors for beta-gamma detection. Inde­
pendent alpha channels are pro-vided with air-proport ional detectors and 
similar preamplif iers , but without pulse separation. 
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Fig. A.l. Layout of Personnel Monitor IHS-163 
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Fig. A.2. Cabinet Wiring for Personnel Monitor IHS-163 
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Fig. A.3. CRM Board IHS-130 Fig. A.4. Alarm and Timer Board IHS-131 
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Fig. A.5. Pulse Preamplifier IHS-132 
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Fig. A.6. L. V. Power Supply Module IHS-133 
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Fig. A.7. Differential-rise Alarm Module IHS-134 
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CIRCUIT * ! iCIRCUn 

I I 
INPUT 

1. TWO CIRCUITS ASSEMBLED ON ONE 
MODULE BOARD 

2. SELECT R2 DURING ASSEMBLY FOR 
5 TO 7 SEC. TIMER PEROID 
+ 14 mA 
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Fig. A.8. High-level Alarm Module IHS-135 
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Fig. A.9. H. V. Module IHS-141 
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Kl ,2 ,3 ,4 SIGMA 4 2 R 0 / I 0 0 0 SIL 

CRl, 2, 3, 4 F2 
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Fig. A.10. Lamp Logic Module IHS-143 

Fig. A.11. Lamp P. S. Module IHS-147 
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